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(54) Engine control method using reai-time engine system model 

(57) An engine control method for an internal com- 
bustion engine having a powertrain control module 
(PCM). The powertrain control module includes a micro- 
processor and associated memory. A mathematical 
model of the engine cycle of the engine system Is stored 
In the PCM memory. The PCM continuously monitors a 
variety of engine operating parameters. From these 
inputs, the PCM generates optimised control setpolnts 
for the intake airflow, fuelling right, spark timing and 
EGR flow for the engine using the mathematical model. 
The setpoints are generated In real-time for every 
engine cycle, and the engine is then operated in accord- 
ance with the generated control setpoints. In another 
aspect of the invention, the engine model includes sub- 
models for fuel delivery, the in-cylinder processes, the 
engine heat capacitance and cooling system, engine 
friction, airflow, engine Inertia, and the front-end auxil- 
iary drive. The disclosed engine control method Is 
advantageous in that it allows optimum engine perform- 
ance in any operating environment. 
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Description 

[0001] This invention relates generally to internal 
combustion engines and more particularly concerns a 
method for generating engine calibration parameters in s 
real-time using a mathematical model of the engine sys- 
tem and combustion process. 

[0002] Internal combustion engines are designed 
and developed in several phases. At a minimum, the 
engine concept Is assessed, the design is engineered, 
and the manufacturing issues are resoh^ed. In the final 
phase of engine development, the engine Is mapped 
and calibrated for optimised performance. 
[0003] Engine mapping and calibration seeks to 
optimize the setpoints for fuel flow, airflow (Including the 
amount of exhaust gas recirculation (EGR)), and spark 
ignition timing to balance the competing interests of 
achieving the lowest possible emissions, the best possi- 
ble fuel economy, and satisfactory performance. The 
engine mapping and calibration process is both costly 
and time consuming. All potential combinations of a 
variety of engine operating parameters must be ana- 
lysed and associated to set points for airflow, fuelling 
rate and spark timing. The result of the engine mapping 
and calibration process is a series of detailed lookup 
tables storing engine subsystem setpoints for these 
combinations of engine operating parameters. The 
resulting tables are stored in the powertrain control 
module (PCM) for use In engine control. For example, a 
desired EGB valve setpoint would be retrieved from the 
lookup table of values based upon the operating Inputs 
of engine speed, load, and airflow, for instance. 
[0004] One drawback to using calibrated look-up 
tables for engine control, however, is that the calibration 
tables are developed based upon assumptions for the 
engine operating environment such as the air quality 
and fuel grade. Thus, If the engine operating environ- 
ment differs significantly from the assumed environment 
for which the calibration tables were developed, the 
engine control strategy will not be optimised. In such a 
case, the engine must be remapped and new calibration 
tables developed if the engine is to be optimised for its 
environment. In other words, a vehicle operating In a 
thin air environment such as a high altitude location may 
require different lookup table values than a vehicle in a 
very dry air environment such as a desert location. 
Indeed, most calibrated lookup table setpoints are actu- 
ally compromised, rather than global optimised, to allow 
acceptable engine performance over a wider variety of 
operating environments. 

[0005] Accordingly, It Is an object of the present 
invention to provide an irriproved engine control 

method. 

[0006] Another object is an engine control method 
which provides real-time calibration setpoints based 
upon a mathematical model of the engine rather than 
predefined setpoints based upon assumed environmen- 
tal operating conditions. 



[0007] According to the present invention, the fore- 
going and other objects and advantages are attained by 
a real-time control method for an internal combustion 
engine having a powertrain control module whteh 
includes a microprocessor and associated memory. The 
method Includes the steps of storing a mathematteal 
model of the engine system in the PCM memory and 
continuously monitoring a variety of engine operating 
parameters. From these Inputs, the PCM generates 
optimised calibration setpoints for the Intake air flow, 
fuelling right, spark timing and EGR flow for the engine 
using the stored mathematical model. The setpoints are 
generated in real-time for every engine cycle, and the 
engine is then operated In accordance with the gener- 
ated control setpoints. 

[0008] In another aspect of the Invention, the 
engine model includes submodels for fuel delivery, the 
In-cyllnder processes, engine heat capacitance and 
cooling, engine friction, air flow, engine inertia, and the 
front-end auxiliary drive. 

[0009] One advantage of the present metiiod is 
optimised control setpoints for all engine operated envi- 
ronments. 

[0010] Other objects and advantages of the inven- 
tion will become apparent upon reading the following 
detailed description and appended claims, and upon 
reference to the accompanying drawings. 
[0011] For a more complete understanding of this 
invention, reference should now be had to the embodi- 
ments Illustrated in greater detail in the accompanying 
drawings and described below by way of examples of 
the Invention. In the drawings: 

Figure 1 Is a schematic diagram of a mathematical 
model of an Internal combustion engine system; 
and 

Figure 2 is a schematic block diagram of an engine 
control system in accordance one embodiment of 
the present invention. 

[0012] Referring to Figure 1 , there is shown a sche- 
matic diagram of the engine cycle as it relates to one 
cylinder of a multi-cylinder, spark-Ignited internal com- 
bustion engine. In Figure 1, there Is shown a piston 10 
which reciprocates in cylinder 12 to deliver power to the 
crankshaft 14 which Is used to power the vehicle. Air 
enters the combustion chamber 16 through the intake 
manifold 1 8. Air is metered by the air bypass vah^e 20 
and the angle of the throttle 22. Conduit 24 directs 
exhaust gas from the exhaust manifold 26 to the engine 
Intake 28. The amount of EGR flow is regulated by EGR 
valve 30. Fuel is delivered into the combustion chamber 
by fuel Injector 32. Intake valve 34 allows the fuel, ambi- 
ent air, and recirculated exhaust gas to enter the com- 
bustion chamber 16. The air/fuel mixture is then 
compressed by piston 10, and Ignited by sparic plug 36. 
Once combustion has occurred, the combustion gases 
are vented through exhaust valve 38 into the exhaust 
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manifold 26. Catalytic converter 40 reacts with the 
exhaust gases to minimise the undestred emissions 
emitting from the exhaust pipe 42. 
[001 3] Many different factors effect the perfonnance 
of the combustion process just described. Presently, the 
combustion process is optimised in terms of emissions, 
fuel econonry and performance by mapping and cali- 
brating the engine. For example, a dynamometer Is typ- 
ically used to develop setpolnts for controlled engine 
variables. These values are then stored in look-up 
tables indexed by engine operating parameters. The 
present invention, however, eliminates the need for 
}ool(-up tables by matiiematicaily modelling the engine 
systems which effect performance. The Inputs to the 
mathematical models are the same as those conven- 
tionally used to retrieve look-up table values such as the 
air/fuel ratio, the amount of EGR flow, the spark-ignition 
timing, and the engine speed. 

[001 4] According to one aspect of the invention, the 
entire engine system is described by several submod- 
els. These include: (1 ) a model 50 for the air flow which 
includes the tiirottie angle 22, air bypass 20, and EGR 
flow 30; (2) a model 52 for fuel delivery including the 
amount of wall wetting; (3) a model 54 for emissions, 
combustion and fuel economy; (4) models 56 for engine 
heat capacitance and the cooling system; (5) a friction 
model 58; (6) a model for the front-end auxiliary drive 
(FEAD) which includes the air conditioning load, alter- 
nator load and power steering load; and (7) an engine 
inertia model 62. 

[0015] Refening to Rgure 2, these models are 
stored in memory 70 which is part of the logic accessed 
by the microprocessor 72 of the powertrain control mod- 
ule {PCI\^) 74. These system models stored in memory 
70 replace the look-up tables conventionally stored in 
memory 70 of the PCM 74. 

[0016] The implementation of the PCM 74 In the 
overall engine system is intended to be otherwise con- 
ventional. Accordingly, the PCM receives inputs from 
engine sensors 76 and switch inputs 78 as well as an 
engine reference signal 80. Using these inputs, the 
PCM 74 controls the spark timing output 82, fuel system 
84, the transmission output 86, the airflow 88 as well as 
other subsystem outputs such as the EGR control 90 
and diagnostic Indicators 92. The PCM 74 Is powered 
by the engine electrical system via connector 94. 
[0017] Engine sensors 76 include such things as 
mass airflow, manifold absolute pressure, fuel flow, 
spark timing, engine speed and EGR flow. The switch 
Inputs 78 Include such things as the air conditioning and 
power steering system load. 

[0018] In operation, Inputs from the engine sensors 
76 and switch Input 78 are fed to the microprocessor 72 
which accesses the engine system models in memory 
70 to compute in real-time, for each engine cycle, the 
optimised control parameters for the fuel flow, airflow 
and spark timing. To Increase the computational speed, 
the control system preferably takes advantage of exist- 



ing sensors rather than modelling every engine subsys- 
tem. For example, instead of accessing an airflow 
model to compute airflow rate, a mass air flow sensor 
can be used. Mass airflow sensors are typically part of 
5 conventional engine control systems. AS a result, the 
manifold pressure wave dynamics need not be mod- 
elled. 

[0019] By using models of the engine subsystems 
and deriving engine operating setpoints in real-time 

10 from the engine Inputs, engine performance Is continu- 
ously optimised for any operating environment. Thus 
from the foregoing, it will be seen that there has been 
brought to the art a new and Improved engine control 
. method which overcomes the drawbacks associated 

75 with prior lookup table-based engine control strategies 
which are developed by engine mapping and calibration 
under given environmental assumptions. 
[0020] While the invention has been described in 
connection with one or more embodiments, it will be 

20 understood that the invention is not limited to those 
embodiments. On the contrary, the Invention covers all 
alternatives, modifteations, and equivalents, as may be 
Included with the spirit and scope of the appended 
claims. 

25 

Claims 

1. A real-time calibration method for an internal com- 
bustion engine having a powertrain control module 
30 including a microprocessor and associated mem- 
ory comprising the steps of: 

storing in said memory a mathematical model 
of the combustion cycle of said engine system; 
35 continuously monitoring at least one engine 

operating parameter; 

generating control setpolnts for intake air, fuel- 
ling rate, spark timing, and exhaust gas recircu- 
lation for said engine with said mathematteal 
40 model as a function of said engine operating 

parameters per every engine cycle; and 
operating said engine in accordance with said 
control setpolnts. 

45 2- The engine control method as claimed In claim 1 
wherein the step of storing In said memory a math- 
ematical model of the combustion cycle of said 
engine system includes storing in said memory a 
fuel delivery model, a model of In-cylinder proc- 

so esses, a heat capacitance and cooling system 
model, an engine friction model, an airflow model, 
an engine inertia model, and a front-end auxiliary 
drive model. 

55 3« The engine control method as claimed In either 
claim 1 or claim 2 wherein the step of continuously 
monitoring a plurality of engine operating parame- 
ters Includes for each engine cycle the steps of: 
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powertraln control module Including a microproces- 
sor and associated memory, a method of controlling 
said internal combustion engine comprising the 
steps of: 

5 

Inputting said plurality of engine operating 
parameters into a mathematical model of said 
engine system; 

calculating In real-time, control setpoints for 
10 Intake air, fuelling rate, spark timing and 

exhaust gas recirculation for said engine with 
said mathematical model as a function of said 
plurality of engine operating parameters; and 
outputting said control setpoints to the respec- 
IS tive associated engine subsystems. 



determining an AFR value Indicative of the 
air/fuel ratio of the in-cyllnder mixture of the 
engine; 

determining an EGR value Indicative of the 
amount of exhaust gas recirculation In the 
engine; and 

determining an SI value indicative of the spark- 
Ignition timing of the engine. 

4. A powertraln control module for controlling the 
operation of an Internal combustion engine com- 
prising a microprocessor and associated memory 
Including a mathematical model of the engine cycle 
of said intemal combustion engine, said microproc- 
essor programmed for each engine cycle to: 

receive as Inputs a plurality of engine operating 
parameters; 

generate control setpoints for intake air, fuelling 
rate, spark timing and exhaust gas recirculation 
for said engine with said mathematical model 
as a function of said engine operating parame- 
ters; and 

output said control setpoints to the respective 
associated engine subsystem. 

5. The powertraln control module of claim 4 wherein 
said microprocessor memory includes a fuel deliv- 
ery model, a model of the in-cyllnder processes of 
said engine, a heat capacitance and cooling system 
model, an engine friction model, an airflow model, 
an engine Inertia model, and a front-end auxiliary 
drive model. 

6. The powertrain control module of claim 4 wherein 
said microprocessor Is programmed for each 

engine cycle to: 

determine an AFR value Indicative of the 
air/fuel ratio of the In-cylinder mixture of the 
engine; 

determine an EGR value indicative of the 
amount of exhaust gas recirculation in the 
engine; 

determine an SI value indicative of the spark- 
Ignition timing of the engine; 
generate control setpoints for intake air, fuelling 
rate, spark timing and exhaust gas recirculation 
for said engine with said mathematical model 
as a function of said AFR, EGR and SI values; 
and 

output said control setpoints to the respective 
associated engine subsystem. 

7. In an internal combustion engine system controlled 
by a powertrain control module whteh receives as 
inputs a plurality of engine operating parameters 
and outputs a plurality of control setpoints, said 



8. The method as set forth in claim 7 wherein the step 
of Inputting said plurality of engine operating 
parameters into a mathematical model of said 
20 engine system includes the steps of: 



Inputting an AFR value Indicative of the air/fuel 
ratio of the In-cyllnder mixture of the engine; 
inputting an EGR value indicative of the 
25 amount of exhaust gas recirculation in the 

engine; and 

inputting an SI value indicative of the spark- 
ignition timing of the engine. 

30 9. The method as set forth in claim 7 wherein the step 
of Inputting said plurality of engine operating 
parameters into a mathematical model of the com- 
bustion cycle of said engine system Includes the 
step of Inputting said plurality of engine operating 

35 parameters into a fuel delivery model, a model of 
the in-cylinder processes of said engine, a heat 
capacitance and cooling system model, an engine 
friction model, an airflow model, an engine Inertia 
model, and a front-end auxiliary drive model. 

40 
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